Introduction
High-T c bulk superconductors LREBa 2 Cu 3 O 7-δ (LRE123, LRE: light rare earth, Nd, Gd, Sm, Eu) has been widely studied due to engineering applications [1, 2] . Second phase RE 2 BaCuO 5 (RE211) particles, and associated defects are responsible for flux pinning. Since the optimized size of second phase particles for pinning should be typically twice the size of the coherence length (usually a few nano-meters in RE123), extensive efforts are carrying on the refinement of second phase RE211 particles [3, 4] . However, in the melt-textured bulks RE123, refining the size of RE211 second phase inclusions to nano-scale is almost impossible due to the ripening and pushing out effects during peritectic solidification. Recently, Y 2 Ba 4 CuMO x (Y2411, M: Nb, Ta, W, Mo, Zr, Hf)) has been reported to enhance the J c and trapped field in Y123 effectively [5] .
In this paper, we synthesized sub-micrometer Gd211 particles as well as Gd 2 Ba 4 CuMO x (Gd2411, M:
Zr and Mo) particles by solid reaction. We added Gd2411 particles into Gd123 bulks together with Gd211. We investigated the microstructure and superconducting properties for the bulks with Gd2411 and Gd211 additions.
Experimental
Commercial oxide powders were employed to synthesize Gd211 and Gd2411 single phase. For Gd2411, the mixing powder was pre-reacted at 950 ℃ for 10 hours in air twice and the single phase was obtained by calcining at 1400 ℃ twice in air, each time with 10 hours as duration time of calcinations. X-ray diffraction has been used to determine the single phase for both Gd211 and Gd2411. In order to get fine particles of Gd211, we employed ball-milling treatment for 1.5 hours, using Y 2 O 3 -ZrO 2 balls. BaO 2 compounds have been added into Gd123 bulks to suppress the solid solutions which have formed due to the substitution between Ba and Gd atoms [6, 7] . The nominal composition of the bulk was given as Gd123 + (0.4-y) Gd211 + yGd2411 + 0.1 BaO 2 with y = 0.2, 0.12, 0.08, 0.04, 0.02, 0.004 and 0.002 (labeled as y Gd2411), in a molar ratio. The growth processing was reported elsewhere [3, 8] .
In order to investigate the spatial distribution for both microstructure and superconducting properties, we cut a rectangular slab along a direction and c axis from each bulk. After observation of microstructure by scanning electron microscopy (SEM), we continued to cut the rectangular slab into five slabs which were marked as ss1, ss2, ss3, ss4 and ss5, from the seed zone to the boundary of the single domain. The local composition was qualitatively identified with electron probe micro-area analysis (EPMA).
Results and discussions

Superconducting properties of Gd123 with different Gd2411 addition levels
The highest J c of each bulk was observed at different positions for different addition amounts. Figure 1 shows 
Gd211/Gd2411 distribution inside Gd123 bulks
The photo in figure 2 shows the microstructure image of a porous narrow layer in a-direction with a relatively rich concentration of the second phase in 0.2 Gd2411. The second phase rich and diluted bands alternatively distributed and this kind of band structure appeared in all the bulks with Gd2411 addition in our study, even 0.002 Gd2411 [9] . But this kind of band structure only appears within 5 mm from each side of the seed. In the last band, a rich second phase band, the distribution of second 
Conclusion
Gd2411/Gd211 second phase rich region and diluted second phase region alternatively appeared in the bulk samples for all the additional levels. J c values were strongly dependent on the positions because of the inhomogeneous distribution of the second phase.
